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Mass fragmentationAbstract Methyl esters from vegetable oils have attracted a great deal of interest as substitute for
petrodiesel to reduce dependence on imported petroleum and provide an alternate and sustainable
source for fuel with more benign environmental properties. In the present study biodiesel was
prepared from sunﬂower seed oil by transesteriﬁcation by alkali-catalyzed methanolysis. The fuel
properties of sunﬂower oil biodiesel were determined and discussed in the light of ASTM D6751
standards for biodiesel. The sunﬂower oil biodiesel was chemically characterized with analytical
techniques like FT-IR, and NMR (1H and 13C). The chemical composition of sunﬂower oil
biodiesel was determined by GC–MS. Various fatty acid methyl esters (FAMEs) were identiﬁed
by retention time data and veriﬁed by mass fragmentation patterns. The percentage conversion
of triglycerides to the corresponding methyl esters determined by 1H NMR was 87.33% which
was quite in good agreement with the practically observed yield of 85.1%.
ª 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
In the last few decades energy needs have increased enor-
mously and most of the energy needs are supplied through pet-
rochemical sources (Vicente et al., 2007). In addition to rapid
consumption, the rising costs, environmental problems and
unavailability of the fossil fuel have led to look for the alter-
nate sources of energy (Bajpai and Tyagi, 2006). The need of
the hour is to have an alternative fuel which is technically fea-
sible, economically competitive, environmentally acceptable
and readily available (Demirbas, 2009). The most common fuel
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diesel. Biodiesel refers to a diesel-equivalent, processed fuel
derived from biological sources.
Biodiesel is produced as a result of transesteriﬁcation
between a fat or oil and an alcohol (usually methanol) result-
ing in ester and a by-product, glycerol (Dorado et al., 2000;
Angelo et al., 2005). Transesteriﬁcation is a three step reaction
with formation of mono and diglycerides as intermediate prod-
ucts (Vicente et al., 2007). Biodiesel is biodegradable, non-
toxic, non aromatic and does not contain sulfur. Being plant
based it does not emit CO on burning and is environmentally
safe (Haq et al., 2006). Aromatic, ash, sediments, water, glyc-
eride and methanol content if exist are less than 2% in biodie-
sel, in total showing that it has no waste products to be
disposed off.
The commercial preparation of biodiesel from the oils of
rapeseed (Komers et al., 2001), soybean (Candeia et al.,
2009), rocket seed (Tariq et al., 2011), palm (Benjumea
et al., 2008), sesame (Tariq et al., 2013), jojoba seeds
(Mazloom et al., 2014), etc., has been reported in the liter-
ature. The present study deals with the synthesis of biodie-
sel from sunﬂower oil by base catalyzed transesteriﬁcation
with methanol to check the potential of this oil source for
the commercial production of biodiesel. The importance of
using base catalyzed transesteriﬁcation is its economic pro-
cess, less time for reaction, low temperature and high con-
version rate. However, base catalyzed transesteriﬁcation
has limitations of hygroscopic nature of base catalyst,
saponiﬁcation, more washing and emulsion formation. The
need of the present study is to ﬁnd out an alternative
renewable energy source in order to decrease dependence
on crude oil and to check the potential of this oil source
for the commercial production of biodiesel. Sunﬂower seeds
contain about 42–50% high quality edible oil (Haq et al.,
2006; Baksh et al., 1999). Sunﬂower has a high place in
international agricultural market due to its varied uses.
The biodiesel formed was characterized by different phys-
ico-chemical properties and its composition was determined
by employing various instrumental techniques like FT-IR,
NMR and GCMS.
2. Materials and method
2.1. Materials
Sunﬂower seeds were purchased from a local market. The
seeds were washed with distilled water to remove the dirt
and were oven dried at 60 C till constant weight. The oil
was extracted by using electric oil expeller (KEK P0015-
10127), Germany. Methanol (99.9% purity), sodium hydrox-
ide (NaOH) and anhydrous sodium sulfate (Na2SO4) were of
analytical grade and were obtained from Merck (Germany)
and used as such without any puriﬁcation.
2.2. Analytical methods
The fuel properties of synthesized sunﬂower oil biodiesel were
determined by ASTM methods. Sunﬂower oil biodiesel was
characterized by FT-IR, using a Bio-Rad Excalibur ModelFTS3000MX in the range 4000–400 cm1. The resolution
was 1 cm1 and 15 scans. NMR analyses were performed using
Avan CE 300 MHz spectrometer equipped with 5 mm BBO
probes at 7.05 T. Deuterated chloroform (CDCl3) and tetra-
methylsilane (TMS) were used as solvent and internal stan-
dard, respectively (Ahmad et al., 2010). The 13C (75 MHz)
spectra were recorded with a pulse duration of 30, a recycle
delay of 1.89 s and 160 scans. The fatty acid methyl ester
(FAME) contents of sunﬂower oil biodiesel were determined
by gas chromatography, model GC-6890 N coupled with mass
spectrometer, model MS-5973 MSD (mass selective detector).
Separation was performed on a capillary column DB-5MS
(30 m · 0.32 mm, 0.25 lm of ﬁlm thickness). The mass
spectrometer coupled with GC was set to scan in the range
of m/z 50–550 with electron impact (EI) mode of ionization.
2.3. Experimental procedure
2.3.1. Transesteriﬁcation
The transesteriﬁcation was carried out using 2000 mL round
bottom ﬂask equipped with reﬂux condenser, magnetic stir-
rer, thermometer and sampling outlet. One liter vegetable
crude oil was ﬁltered and preheated up to 120 C to remove
moisture on a heating mantle. The transesteriﬁcation of sun-
ﬂower oil was carried out with a 6:1 M ratio of methanol/oil
and 0.7% NaOH (as catalyst) w/w of the oil. Sunﬂower oil
(500 mL) was transesteriﬁed with methanol (100 mL) in the
presence of NaOH (3.25 g) as catalyst. The temperature of
the reaction was maintained at 60 C and the contents were
stirred with a constant speed of 600 rpm for 1.5 h. The resul-
tant mixture was cooled to room temperature for the sepa-
ration of two phases. The upper lighter phase of biodiesel
and lower denser phase of glycerin (by-product) were sepa-
rated by simple decantation. Crude biodiesel contains the
excess methanol, unused catalyst, soap formed, some
entrained methyl esters and partially reacted glycerides.
The remaining catalyst was removed by successive rinsing
with distilled water followed by the addition of 1–2 drops
of acetic acid to neutralize the residual catalyst and conver-
sion of soap to free fatty acids (FFA). The residual water
contents were eliminated by treatment with anhydrous Na2-
SO4, followed by ﬁltration. A transparent yellow liquid was
obtained as the ﬁnal product.
The yield of biodiesel formed was calculated by using the
expression
%Yield ¼ Grams of methyl ester produced
Grams of oil taken
 100 ðiÞ3. Results
Biodiesel was synthesized from sunﬂower oil by using NaOH
as catalyst for transesteriﬁcation with methanol. The molar
ratio of alcohol to oil (6:1) and temperature of 60 C, used
were selected on the basis of our earlier reports (Tariq et al.,
2011; Mazloom et al., 2014) as well as other reported optimal
conditions for the transesteriﬁcation of vegetable oils (Meher
et al., 2006). The general reaction of the base catalyzed transe-
steriﬁcation can be represented as:
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The synthesized sunﬂower oil biodiesel was characterized for
its fuel properties i.e., density, dynamic and kinematic viscos-
ities, cloud point, pour point, ﬂash point, acid number and sul-
fur contents, employing the methods of American Society for
Testing andMaterials (ASTM). The results are given in Table 1
along with recommended values for biodiesel (ASTM-D6751)
and petrodiesel (ASTM-D975). The determined density of sun-
ﬂower oil biodiesel at 40 C, was 0.86 g cm3 which is compa-
rable to the limits for petro-diesel and biodiesel (Table 1).
Viscosity is the most important property of biodiesel since
it affects the operation of fuel injection equipment, particularly
at low temperature when the increase in viscosity affects the
ﬂuidity of the fuel. High viscosity leads to poorer atomization
of the fuel spray. The determined dynamic and kinematic vis-
cosity of sunﬂower oil biodiesel at 40 C was 5.321 cp and
4.719 mm2s1, respectively, which are within the limits of
ASTM D6751 of biodiesel and ASTM D975 values for
petro-diesel (Table 1).
The pour point (pp) is the temperature at which the amount
of wax, out of solution is sufﬁcient to get the fuel, thus it is the
lowest temperature at which the fuel can ﬂow whereas cloud
point (cP) is the temperature at which wax ﬁrst becomes visible
when the fuel is cooled. The determined values of pp and cP of
sunﬂower oil biodiesel were 5.0 and 4.0 C, respectively,
which are within the prescribed ASTM limits for diesel fuels
(Table 1). The ﬂash point is a parameter which is considered
in the handling, storage and safety of fuels and inﬂammable
materials. The observed ﬂash point of sunﬂower oil biodiesel
(183 C) is higher than the limits of ASTM D975 for petrodie-
sel and comparable to that of ASTM D6751 values for biodie-
sel (Table 1).
Acid number is the measure of free fatty acids in oil as well
as in biodiesel. Acid number of oil and biodiesel wasTable 1 Physical properties of sunﬂower oil biodiesel.
Fuel properties ASTM method used
Density (40 C, g cm3) D5002
Dynamic viscosity (40 C, cP) D445
Kinematic viscosity (40 C, mm2 s1) D445
Pour point (C) D97
Cloud point (C) D2500
Flash point (C) D93
Sulfur contents (%) D4294
Acid number (mg KOH g1) D664determined by aqueous acid–base titration. The oil/biodiesel
was titrated against standard KOH aqueous solution using
phenolphthalein as an indicator. A blank titration was also
carried out with isopropyl alcohol. The sample titration was
carried out with 1 ml of sample. Acid number was calculated
by using the following formula.
Acid number ¼ ðA BÞ  C
V
ðiiÞ
where
A=Volume of KOH used for sample (ml)
B=Volume of KOH used for blank
C=Concentration of KOH
V=Volume of sample (ml)
The determined values of acid number of sunﬂower oil and
its biodiesel were found to be 3.22 and 0.07 mg KOH/g of sam-
ple, respectively (Table 1).
4. Discussion
4.1. Chemical parameters of sunﬂower oil biodiesel
4.1.1. FT-IR spectroscopy
The esters have two characteristically strong absorption bands
arising from methoxy carbonyl and CO stretching (Vivek and
Gupta, 2004). The methoxy carbonyl group in sunﬂower bio-
diesel changed from 1743.71 cm1 in oil to a strong band at
1741.80 cm1 in biodiesel. The FT-IR spectra of sunﬂower
oil and sunﬂower biodiesel are represented in Figs. 1 and 2,
respectively. This slight shift in carbonyl frequency is due to
the electron donating effect of methyl present in biodiesel
along with the C‚O group. The C–O stretching vibration in
biodiesel showed two asymmetric coupled vibrations at
1168.65 cm1 due to m C–C(‚O)–O and 1016.32 cm1 due
to O–C–C bonds. The methyl group stretching band appearedASTM D6751 ASTM D975 Sunﬂower Oil Biodiesel
Biodiesel Petro-diesel
0.86–0.90 0.834 0.86
1.6–3.5 1.3–4.1 5.321
1.9–6.0 1.9–4.1 4.719
15 to 16 35 to 15 5.0
3.0 to 12 15 to 5 4.0
100–170 60–80 183
0.05 0.05 0.0029
0.5 0.5 0.07
Fig. 1 FT-IR spectrum of triglycerides in Helianthus annuus oil.
Fig. 2 FT-IR spectrum of methyl esters in Helianthus annuus oil biodiesel.
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2853.65 cm1. The bending vibrations of methyl groups
appeared at 1459.97 and 1361.30 cm1 while methylene bend-
ing vibration appeared at 1243.40 cm1 and rocking (bending)
vibration at 722.58 cm1.
4.2. Multinuclear NMR spectroscopy
4.2.1. 1H NMR study
The 1H NMR spectrum of sunﬂower oil biodiesel (B 100,
meaning 100% biodiesel with 0% petrodiesel) is shown in
Fig. 3. The characteristic intense peak of methoxy protons is
observed at 3.622 ppm and a-CH2 protons signal at
2.240 ppm. These two peaks are the distinct peaks for conﬁr-
mation of methyl esters present in the biodiesel. Other peaks
were at 0.826–0.881 ppm of terminal methyl protons, a strong
signal at 1.227–1.273 ppm related to methylene protons and
5.244–5.363 ppm assigned to oleﬁnic hydrogens. 1H NMR
can be used to quantify the conversion of vegetable oil in
methyl esters by transesteriﬁcation reaction. The relevant sig-
nals chosen for integration are those of the a-carbonyl methy-
lene protons at 2.240 ppm. 1H NMR can also be used to
quantify the conversion of vegetable oil in methyl esters by
transesteriﬁcation reaction (Samios et al., 2009; Gelbard
et al., 1995). The relevant signals chosen for integration were
those of the methoxy group in the methyl esters at
3.622 ppm and of the a-carbonyl methylene protons at
2.240 ppm. The equation used to quantify the yield of transe-
steriﬁcation was:
C ¼ 100 2AMe
3A
ðiiiÞFig. 3 1H NMR spectrum ofwhere
C= percentage conversion of triglycerides to the corre-
sponding methyl esters
AMe = integration value of the methoxy protons of the
methyl esters and
ACH2 = integration value of a-methylene protons
The percentage conversion of triglycerides to the corre-
sponding methyl esters by using Eq. (iii) was found to be
87.33% which is quite in good agreement with the practically
observed yield of 85.1 ± 2.5% through Eq. (i).
4.3. 13C NMR study
The characteristic peaks of ester carbonyl (–COO–) and C–O
are the distinct peaks for conﬁrmation of methyl esters present
in the biodiesel. In 13C NMR spectrum, the characteristic
peaks of carbonyl (–COO–) and C–O are observed at 174.13
and 51.29 ppm, respectively. The peaks at 127.84–
130.05 ppm showed unsaturation in methyl esters. Other peaks
around 14.01–14.05 ppm are related to terminal carbon of
methyl groups and 22.56–34.09 ppm signals are related to
methylene carbons of long carbon chain in FAMEs (Ahmad
et al., 2011).
4.4. Gas chromatography and mass spectrometry
GC–MS was used to study the chemical composition of the
synthesized sunﬂower oil biodiesel. Eleven major peaks were
observed in GC spectrum of sunﬂower oil biodiesel (Fig. 4).
Each peak corresponds to a fatty acid methyl ester and was
identiﬁed from the library match software (NO. NIST 02).sunﬂower biodiesel B100.
Fig. 4 Total ion chromatogram of sunﬂower biodiesel showing composition of fatty acid methyl ester.
Table 2 FAME composition of sunﬂower oil biodiesel.
Peak no. RT (min1) Identiﬁed compounds and their formulae
1 6.47 Methyl dodecanoate (C12:0)
CH3OOC(CH2)10CH3
2 8.68 Methyl tetradecanoate (C14:0)
CH3OOC(CH2)12CH3
3 10.79 Methyl hexadecanoate (C16:0)
CH3OOC(CH2)14CH3
4 12.49 Methyl 8,11-octadecadienoate (C18:2)
CH3OOC(CH2)6CH‚CH-CH2-CH‚CH(CH2)5CH3
5 12.58 Methyl 9-octadecenoate (C18:1)
CH3OOC(CH2)7CH‚CH-(CH2)7CH3
6 12.74 Methyl octadecanoate (C18:0)
CH3OOC(CH2)16CH3
7 14.27 Methyl 11-eicosanoate (C20:1)
CH3OOC(CH2)9CH‚CH-(CH2)7CH3
8 14.47 Methyl eicosanoate (C20:0)
CH3OOC(CH2)18CH3
9 15.93 Methyl 13-docosanoate (C22:1)
CH3OOC(CH2)11CH‚CH-(CH2)7CH3
10 16.10 Methyl docosanoate (C22:0)
CH3OOC(CH2)20CH3
11 17.62 Methyl tetracosanoate (C24:0)
CH3OOC(CH2)22CH3
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Table 2 which include seven saturated, three monounsaturated
and one diunsaturated FAMEs. The identity of FAMEs was
made by the retention time data and veriﬁed by mass spectro-
metric analysis. The chain length, number of double bonds and
their positions were determined by mass spectrum. The mass
spectrum was obtained by an electron impact (EI) ion source
(Bano et al., 2014).Seven saturated FAMEs were identiﬁed in sunﬂower oil
biodiesel by GC–MS. The electron impact spectra of saturated
FAMEs were very similar, having characteristic peaks of frag-
ment ions. Each FAME was eluted out at the speciﬁc retention
time by gas chromatography. The retention time of the eluted
components help to identify, whereas the respective mass frag-
mentation patterns were used to conﬁrm the FAMEs. The base
peak in all saturated FAMEs was observed at m/z 74 which
338 R. Naureen et al.was a product of well-known McLafferty rearrangement pro-
cess (McLafferty, 1959). Two other peaks i.e., a peak
[M31]+ due to a-cleavage (loss of the methoxy group) and
[M43]+ due to rearrangement of the chain and one hydrogen
atom, followed by expulsion of a propyl radical (carbon 2–4)
were observed in the spectra of all the identiﬁed saturated
FAMEs. Other characteristic ions include at m/z 87, the ﬁrst
member of the carbomethoxy ion series due to b-cleavage
[CH3OOC(CH2)n]
+, where n= 2, 3, 4, . . .., m/z 87, 101,
115, 129, 143. . ., with a difference of 14 a.m.u., a hydrocarbon
series of alkyl ions that were abundant in the low-mass region.
Thus b-cleavage and alkyl series support the identiﬁcation of
saturated FAMEs (Ahmad et al., 2014).
Three monounsaturated fatty acid methyl esters were
observed in sunﬂower oil biodiesel. The retention time of GC
and the fragmentation pattern of MS of the respective compo-
nents helped to identify/conﬁrm the monounsaturated
FAMEs. The identiﬁed unsaturated FAMEs along with reten-
tion time and characteristics ions at various m/z values are
shown in Table 2. Other components have very similar frag-
mentation pattern having characteristic peaks at m/z 55 (base
peak), [M32]+ due to loss of methanol (the methoxy group
plus hydrogen atom) and [M74] + due to loss of McLafferty
ion. These three characteristic peaks help to identify monoun-
saturated FAMEs. Other characteristic ions include hydrocar-
bon ions [CnH2n1]
+, [CnH2n]
+, [M88]+, [M102]+,
[M116]+ etc. due to loss of a fragment containing the car-
bonyl group by cleavage between carbon (3, 4), (4, 5) and (5,
6) with addition of rearranged hydrogen atoms.
One diunsaturated FAME was also identiﬁed in sunﬂower
oil biodiesel, methyl 8, 11-octadecadienoate (C18:2) whose
fragmentation showed a characteristic base peak at m/z 67
[CnH2n-3]
+, a prominent ion at m/z 263 ([M31]+) due to loss
of the methoxy group while an ion at m/z 220 ([M74]+) due
to loss of McLafferty ion. Other characteristic ionic peaks of
hydrocarbon with general formula [CnH2n3]
+ were observed
in the lower range at m/z 67, 81, 95, 109, 123 of mass
spectrometry.5. Conclusions
Sunﬂower oil biodiesel was synthesized by base catalyzed
transesteriﬁcation with methanol. The dynamic viscosity
(5.321 cp) and, kinematic viscosity (4.719 mm2s1), density
(0.86 g/cm3), pour point (5.0 C), cloud point (4.0 C), ﬂash
point (183 C) and acid number (0.07 mg KOH/g) of sunﬂower
oil biodiesel met the ASTM standards after transesteriﬁcation.
Formation of FAMEs was conﬁrmed by FT-IR, NMR (1H
and 13C) and GC–MS analyses. The chemical composition of
sunﬂower biodiesel shows eleven types of FAMEs as identiﬁed
by retention time’s data and veriﬁed by mass fragmentation
pattern. The high percentage conversion of oil into biodiesel
indicates that sunﬂower oil has great potential for commercial
production of biodiesel.Conﬂict of interests
The authors certify that there is no conﬂict of interests with
any ﬁnancial organization regarding the material discussed in
the paper.Author’s contribution
R.N. carried out experimental work, M.T., S.A. and M.A.
designed the experiments, M.A.A. conceived the project. All
authors read and approved the ﬁnal manuscript.
Acknowledgements
The research was ﬁnancially supported by the University of
Malaya Grant Nos. UMRG (RG257-13AFR), (PG008-
2013B) and FRGS (FP038-2013B). The authors are thankful
to Higher Education Commission of Pakistan, for ﬁnancial
support (Pin No. 074-0616-PS4-099).
References
Ahmad, M., Ahmad, S., Fayyaz, H., Arshad, M., Khan, M.A., Zafar,
M., Sultana, S., 2010. Base catalyzed transesteriﬁcation of sun-
ﬂower oil Biodiesel. Afr. J. Biotech. 9 (50), 8630–8635.
Ahmad, M., Ullah, K., Khan, M.A., Zafar, M., Tariq, M., Ali, S.,
Sultana, S., 2011. Physicochemical analysis of hemp oil biodiesel: A
promising non edible new source for bioenergy. Energy Source 33,
1365–1374.
Ahmad, M., Sultana, S., Teong, L.K., Abdullah, A.Z., Sadia, H.,
Zafar, M., Hadda, T.B., Ashraf, M.A., Tareen, R.B., 2014.
Distaff Thistle Oil: A possible new non- edible feedstock for
bioenergy. Int. J. Green Energy. http://dx.doi.org/10.1080/
15435075.2014.891220.
Angelo, C., Lilian, L.N., Michelle, J.C., Nu´bia, M., Ednildo, A.,
Wilson, A., Pedro, A., Jailson, B., 2005. Biodiesel: an overview. J.
Braz. Chem. Soc. 16, 1313–1330.
Bajpai, D., Tyagi, V.K., 2006. Biodiesel: source, production, compo-
sition, properties and its beneﬁts. J. Oleo Sci. 55, 487–502.
Baksh, I., Awan, I.U., Baloch, M.S., 1999. Effect of various irrigation
frequencies on the yield and yield components of sunﬂower. Pak. J.
Biol. Sci. 2, 194–195.
Bano, A., Mushtaq, A., Hadda, T.B., Saboor, A., Sultana, S., Zafar,
M., Khan, M.P., Arshad, M., Ashraf, M.A., 2014. Quantitative,
ethno medicinal study of plants used in Skardu valley at high
altitude of Karakoram Himalayan range, Pakistan. J. Ethnobiol.
Ethnomed. 10, 43. http://dx.doi.org/10.1186/1746-4269-10-43,
Online First.
Benjumea, P., Agudelo, J., Agudelo, A., 2008. Basic properties of palm
oil biodiesel blends. Fuel 87, 2069–2075.
Candeia, R.A., Silva, M.C.D., Carvalho Filho, J.R., Brasilino,
M.G.A., Bicudo, T.C., Santos, I.M.G., Souza, A.C., 2009. Inﬂu-
ence of soybean biodiesel content on basic properties of biodiesel-
diesel blends. Fuel 88, 738–743.
Demirbas, A., 2009. Progress and recent trends in biodiesel fuel.
Energy Convers. Manage. 50, 14–34.
Dorado, M.P., Ballesteros, E.S., Almeida, J.A., Schellert, C., Lohrlein,
H.P., Krause, R., 2000. An alkali-catalyzed transesteriﬁcation
process for high free fatty acid waste oils. Trans. Am. Soc. Agri.
Eng. 45, 525–529.
Gelbard, G., Bres, O., Vargas, R.M., Vielfaure, F., Schuchardt, U.F.,
1995. 1H Nuclear magnetic resonance determination of the yield of
the transesteriﬁcation of rapeseed oil with methanol. J. Am. Oil
Chem. Soc. 72, 1239–1241.
Haq, A., Rashid, A., Butt, M.A., Akhter, M.A., Aslam, M., Saeed,
A., 2006. Evaluation of sunﬂower (H. annuus L.) hybrids for
yield and yield components in central Punjab. J. Agri. Res. 44,
277–285.
Komers, K., Stloukal, R., Macheks, Skopal, F., 2001. Biodiesel from
rapeseed oil, methanol and KOH, 3. Analysis of composition of
actual mixture. Eur. J. Lipid Sci. Technol. 103, 363–371.
Studies on sunﬂower oil biodiesel using optimized base catalyzed methanolysis 339Mazloom, S., Ali, S., Tariq, M., Khalid, N., Ahmad, F., Khan, M.A.,
2014. Catalytic conversion of jojoba oil into biodiesel by organotin
catalysts, spectroscopic and chromatographic characterization.
Fuel 118, 392–397.
McLafferty, F.W., 1959. Mass spectrometric analysis, molecular
rearrangement. Anal. Chem. 31, 82–87.
Meher, L.C., Sagar, D.V., Naik, S.N., 2006. Technical aspect of
biodiesel production by transesteriﬁcation- a review. Renew.
Sustain. Energy Rev. 10, 248–258.
Samios, D., Pedrotti, F., Nicolau, A., Martini, D.D., Dalcen, F.M., 2009.
A transesteriﬁcation double process- TDSP for biodiesel preparation
from fatty acid triglycerides. Fuel Process. Technol. 90, 599–605.
Tariq, M., Ali, S., Ahmad, F., Ahmad, M., Zafar, M., Khalid, N.,
Khan, M.A., 2011. Identiﬁcation, FT-IR, NMR (1H and 13C) andGC–MS studies of fatty acid methyl esters in biodiesel from rocket
seed oil. Fuel Process. Technol. 92, 336–341.
Tariq, M., Ali, S., Shah, N.A., Muhammad, N., Tahir, M.N., Khalid,
N., Khan, M.R., 2013. Catalytic, biological and DNA binding
studies of organotin(IV) carboxylates of 3-(2-ﬂuorophenyl)-2-
methylacrylic acid: Synthesis, spectroscopic characterization and
X-ray structure analysis. Polyhedron 57, 127–137.
Vicente, G., Martı´ nez, M., Aracil, J., 2007. Optimisation of integrated
biodiesel production. Part I. A study of the biodiesel purity and
yield. Bioresour. Technol. 98, 1724–1733.
Vivek, Gupta, A.K., 2004. Biodiesel production from karanja oil. J.
Sci. Indus Res. 63, 39–47.
